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Abstract 

Research suggests that near ovulation women tend to consume fewer calories and engage in more physical activity; they 
are judged to be more attractive, express greater preferences for masculine and symmetrical men, and experience increases 
in sexual desire for men other than their primary partners. Some of these cycle phase shifts are moderated by partner 
attractiveness and interpreted as strategic responses to women's current reproductive context. The present study 
investigated changes in sleep across the ovulatory cycle, based on the hypothesis that changes in sleep may reflect 
ancestral strategic shifts of time and energy toward reproductive activities. Participants completed a 32-day daily diary in 
which they recorded their sleep time and quality for each day, yielding over 1,000 observations of sleep time and quality. 
Results indicated that, when the probability of conception was high, women partnered with less attractive men slept more, 
while women with more attractive partners slept less. 
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Introduction 

Human females, like nearly all female mammals, experience a 
very brief window of fertility across the ovulatory cycle, and it is 
during this time that mating relevant features, perceptions, and 
behaviors are most likely to affect the genetic quality of a woman's 
offspring. Because of the reproductive significance of this brief 
window, it has been hypothesized that women, like other female 
mammals, will exhibit shifts in their mate preferences, mating 
behaviors, and attractiveness. The ovulatory shift hypothesis [1], 
[2] proposes that women wiU experience systematic shifts in desires 
and mating-related behaviors when most likely to conceive in 
order to increase the likelihood of reproducing with genetically fit 
partners and decrease the likelihood of reproducing with 
genetically less fit partners. 

Dozens of studies have produced evidence that women prefer 
more masculine and more symmetrical men as sexual partners at 
high fertility relative to low (see [3], for a review of ovulatory 
effects on women's mate preferences). Other studies have 
suggested that women's physiological features may change 
perceptibly as a function of fertility across the cycle, with evidence 
that men prefer the scents [4], [5], the voices [6], [7], and the faces 
and bodies [8] of women in the ovulatory phase of their cycles 
compared to women in the non-ovulatory phases (see [9] for a 
review). Some of the studies examining men's preferences for 
fertile women suggest the possibility that it is women's behaviors, 
and not only physiological features, that shift with fertility. For 



example, Miller, Tybur, and Jordan [10] documented that 
professional lap dancers earned significandy higher tips during 
the ovulatory phase of their cycles than at other phases, which may 
be the result of changes in women's appearance, voice, or scent, or 
may be the result of changes in women's flirtatious or seductive 
behavior. Additionally, the voice preferences documented by 
Bryant and Haselton [7] were confined to social speech acts, as 
opposed to non-verbal sounds, suggesting that men were not 
responding to a simple physiological change that affects the voice. 

Changes in women's behaviors as a function of ovulatory phase 
have also been documented in other domains, and have been 
interpreted as either increasing women's likelihood of obtaining a 
desirable sexual partner or decreasing their likelihood of encoun- 
tering an undesirable sexual partner. For example, women have 
been judged to take greater care in their appearance [11], [12], to 
show more interest in attending social gatherings where they are 
likely to meet desirable men [13], and to selectively flirt with men 
who possess proposed cues to genetic quality [14] at high fertility 
relative to low. Relatedly, women have been shown to decrease 
rape-related risky behaviors [15] and increase hand-grip strength 
in response to hypothetical rape scenarios [16] at high fertility 
compared to low (but see [17], for a discussion of the effectiveness 
of these behaviors). Women have also been shown to express 
greater sexual disgust sensitivity [18] and to selectively reduce 
affiliation with close male kin, but not close female kin [19] at high 
fertility relative to low. These patterns have been interpreted as 
reducing the possibility of reproductively cosdy scenarios such as 
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inbreeding. Finally, women have been shown to exhibit behavioral 
shifts related to fertility that appear to be more distally related to 
reproductive strategies, such as consuming fi-wer calories at high 
compared to low fertility [20] . This pattern has been provisionally 
interpreted as a reordering of energetic demands to divert time 
and energy resources away from somatic maintenance and toward 
reproductive effort. 

In the medical literature, researchers have investigated the 
possibility that there are changes in sleep patterns across the 
ovulatory cycle, but have failed to find any significant patterns of 
cycle phase on sleep time [21-23]. We show that if one adopts an 
evolutionary framework of potential reproductive costs and 
benefits, it is possible to uncover hitherto undocumented but 
meaningful effects of fertility on sleep patterns. 

Features of Women's Romantic Partners as an Important 

Covariate 

An important feature of many of the documented ovulatory 
changes in women's desires, behaviors, and appearance is that 
they are context-dependent and, in particular, that the features of 
a woman's romantic partner has a significant effect on how 
ovulation will influence her. The dual mating hypothesis [24] 
suggests that the evolutionary context of long-term pairbonding in 
humans would have resulted in ancestral women having to face 
substantial tradeoffs in romantic and sexual partner choice. While 
the best outcome may have been to form a long-term pairbond 
with a man high in both genetic quality and cooperative partner 
qualities, not all men would be equally likely to possess all of these 
traits, nor would the few men who possessed the combination of 
such traits be able to simultaneously form long-term exclusive 
pairbonds with all the women who desired them. The dual mating 
hypothesis therefore proposes that among those women whose 
partners were relatively high in investing qualities, but relatively 
low in genetic quality, those who maintained their primary 
pairbond while opportunistically engaging in extra-pair sex with 
men of high genetic quality at high fertility would have had greater 
reproductive success on average than those who did not pursue 
this strategy. 

This theoretical framework has proven useful in predicting 
nuanced patterns in women's desires and behaviors across the 
ovulatory cycle. For exampk;, ^vomc'n who rate their partners as 
less sexually attractive (a hypothesized indicator of genetic quahty) 
have been shown to experience an increase in sexual desire for 
men other than their current partners when fertile, whereas this 
shift is absent or minimized among women who rate their partners 
as high on sexual attractiveness (e.g., [2], [13], [14], [25]). 
Similarly, women who rate their partners as less sexually attractive 
feel less close to and more critical of their romantic partners when 
fertile than at other times in the menstrual cycle [26]. Partner 
sexual attractiveness also interacts with fertihty to predict women's 
reports of their partners' mate guarding (e.g., jealousy and 
vigilance) and positive mate retention (e.g., expressions of love 
and commitment) behaviors [13], [24]. Fessler [20], in his review 
of periovulatory decreases in calorie consumption and increases in 
ranging activities (distances traveled in a day), suggested that such 
shifts may be specifically related to increased preparedness for 
opportunistic extra-pair mating, as opposed to mating opportuni- 
ties with one's primary partner, arguing that increased ranging 
and reduced time spent foraging are unnecessary for maximizing 
mating opportunities wdth a primary partner with whom a woman 
presumably spends a lot of time. 



Sleep Patterns and Fertility 

Sleep, like eating and foraging, is likely to serve a somatic 
maintenance function, although the precise role it plays t:ontinues 
to be debated (see [27] and [28] for a review of sleep's role in 
memory consolidation, [29] for a discussion of the role of sleep in 
avoiding predation, [30] for an examination of the necessity of 
sleep to replenish energy, and [31] for a discussion of the role of 
sleep in energ\' conservation). As such, we might expect sleep to be 
subject to the same sort of reordering at high fertility as are eating 
and ranging activities. Based on household patterns and sleeping 
arrangements reported in the ethnographic literature, it is 
reasonable to assume that individuals throughout most of our 
ancestral past shared a sleeping space with their primary sexual 
and social partner, and that much of one's sexual activity with 
their primary partner would have taken place during sleep times 
when both partners were likely to be together (see, e.g., [32—38]; 
but also see [39] for a different pattern). Wc- might, therefore, 
expect any ovulatory effects on sleep to be more relevant to 
advancing or avoiding conception with one's primary partner than 
actively seeking extra-dyadic mating opportunities. 

Predictions 

We predicted that women would decrease their sleep time at 
high fertility, when the potential reproductive benefits to ancestral 
women of reallocating that time toward mating-related activities 
with her primary partner (i.e., sexual intercourse) would have been 
highest. We further predicted that this effect would be moderated 
by a woman's ratings of her primary partner's sexual attractive- 
ness, as the reproductive benefit that would have been gained in 
our ancestral history by engaging in mating opportunities wdth a 
partner who displayed indicators of good genes would have been 
greater than that which could have been gained by engaging in 
mating opportunities with a partner with lower sexual attractive- 
ness. 

Materials and Methods 

Participants 

This study was approved by the institutional review board at 
California State University, FuUerton. Participants signed an IRB 
approved written consent form to participate in the study. The 
original data presented here is available \ ia the public repository 
eScholarship, http://escholarship.org/uc/item/4jz9p4fg. Partici- 
pants were 63 normally-cycling women who had not taken 
hormonal contraceptives within the previous three months. All 
women were students at California State University, FuUerton 
(mean age = 22.41, 50=3.45) and received extra credit for 
participation. Data were collected in two waves during a single 
academic year. There were no significant differences between the 
groups on any variables measured, thus both groups were 
combined for tests of the predictions. Of these 63 participants, 8 
were omitted for atypical or irregular menstrual cycle lengths (i.e., 
an average cycle length outside the range of 24-35 days or a self- 
reported irregular menstrual cycle), and 16 were omitted for 
reporting that they suffered from frequent or chronic sleep 
problems. Of the remaining 39 participants, 19 identified as 
currently involved in a romantic relationship. The majority of 
participants self-identified as either White (30%) or Hispanic 
(30%), with n .5% identifying as interracial, 7.5% as African 
American, 5% as Asian, and 5% as "other." 

Procedure 

Participants attended a 30 minute introductory session in which 
they were given a 32-day sleep diary and written and verbal 
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instructions on how to fill out the diary. Diary entries were 
collected every 7 days to ensure that participants did not attempt 
to complete the diary from memory, and participants were 
encouraged to leave blank any days they missed. Participants 
reported the time they fell asleep each night and the time they 
woke up each day, as well as the total number of waking minutes 
during the night and total number of sleeping minutes during the 
day (e.g., naps). They also rated the quality of their sleep each 
night on a scale of 1 ("below average") to 5 ("above average"). 
Participants were also asked to record any factors that may have 
substantially affected their ability to sleep - eith(;r positively or 
negatively - and whether or not they felt sick on that day. Women 
also indicated any days on which they were menstruating during 
the study. 

After completion of the 32-day sleep diary, participants 
attended a final session in which they filled out a return survey. 
The return survey included a number of items related to 
participants' sleep patterns, menstrual cycles, relationship status, 
and partner attractiveness. 

Variables 

After collecting the diaries and surveys, total sleep time and 
fertility phase were calculated for each day. Total sleep time was 
the amount of time between falling asleep at night and waking in 
the morning, minus any waking during the night, plus any napping 
during the day {M= 7.69 hours, SD= 1.9 hours, jV= 1,074 obser- 
vations). 

To calculate conception probabihty, we determined the cycle 

day of each observation for each woman using a standard 29-day 
cycle length [40] and dates of menstrual onset. If a woman 
r(;portcd two periods within the diary timeframe, we used this 
confirmed cycle length to determine cycle day. Once a cycle day 
was determined for each observation, we used the estimates 
reported in Wilcox, Dunson, Weinberg, Trussell, and Baird [41] 
to assign a conception probability (Range = 0 to 0.094) to each 
observation (see Appendix SI for complete table). 

Participants' descriptions of factors affecting their ability to sleep 
were rated by a coder blind to the purpose of the study. Each 
comment was rated on a scale from —2 (indicating features 
disruptive to sleep, e.g., loud noises, stress, illness) to +2 (indicating 
features conducive to sleep, e.g., quiet room, comfortable bed, 
relaxed feeling). Women did not comment on all diary days (on 
average, women commented on only 22% of the days for which 
they filled out the diary), and were slightiy more likely to report 
negative sleep factors {M= -0.49, 5D= .98, jV= 279). In order to 
retain as many observations in our analyses as possible, days for 
which there was no comment were coded as the average value for 
all coded days. This variable was labeled "sleep environment" 
(M=-0.49, SD=.51, jV= 1,031). Days for which participants 
included comments related to something other than the sleep 
environment were coded as missing („V= 43 observations). 

Women in relationships rated the physical and sexual attrac- 
tiveness of their current partner using two items in the sun. cy, 
"How physically attractive would others rate your partner?" and 
"How sexually attractive would others rate your partner?" Each 
variable was rated from 1 ("not physically [sexually] attractive") to 
9 ("very physically [sexually] attractive"). These variables were 
summed to create a single measure of partner attractiveness 
(a = .924), with a possible score of 2-18 (M^ 14.05, 5D = 2.17, 
Range= 10 to 18). 



Results 

Analysis 

Analyses were conducted in Stata 13. Because our data include 
crossed factors (i.e., factors that vary by subject and factors that 
vary by observation), we used multi-level regression techniques 
[42]. The models were maximum likelihood regression models 
with random effects, using individual participants as clusters 
(n = 39 clusters in the models including all women, and n= 19 
clusters in the models including only women in relationships). This 
model allows for the maximum degrees of freedom as it uses the 
number of observations, rather than the number of clusters, as the 
denominator [43]. The models included both Level 1 (within 
participant) and Level 2 (between participant) covariates. In the 
analyses including all women («= 39), there were a total of 1,030 
observations of sleep time {M= 26.4 per woman; Range — 1 1 to 32) 
and 1,008 observations of sleep quality (M=25.8 per woman. 
Range =11 to 32). In the analyses including only those women in 
relationships («= 19), there were a total of 500 observations of 
sleep time (Af=26.3 per woman; Range=ll to 31) and 482 
observations of sleep quahty (M— 25.4 per woman; Range — 1 1 to 
31). 

Sleep Environment and Conception Probability 

The question regarding "sleep environment" was included in 
the questionnaire to control for extrinsic variation in the sleeping 
environment that could independentiy affect sleep time and/or 
sleep quality. Upon investigation of the variable, wc found an 
unpredicted relationship with conception probability, such that as 
conception probability increased, women were significantiy less 
likely to report negative sleep factors {z — 2Al, SE— 1.11, p — .035, 
jV= 279 observations, « = 35 clusters, see Figure 1). This effect was 
the same whether we used only those observations that included a 
valid entry for this question (N = 279) or whether we included 
observations that had been coded as the mean response 
(N= 1,031). Further analyses revealed no evidence that this 
variable had a mediating effect between our predictor and 
outcome variables, but the inclusion of sleep environment as a 
control variable did reUably increase the predictive power of all of 
the models, without changing any patterns of effects. Sleep 
environment was therefore retained in all analyses to control for 
variation in sleep time and quality due to extrinsic qualities of the 
sleep environment. 

Conception Probability and Sleep Time and Quality 

In models looking only at the effects of conception probability 
and sleep environment (J\'= 1,008-1,030 observations), there was 
no main effect of fertility on either sleep time (^=0.97, 
5£'= 143.63 p =.333) or sleep quality (.j=-0.20, 5'£=1.11 
p = .841). Sleep environment significantiy and positively predicted 
botii sleep time (4:= 3.03, SE= 10.35, p= .002) and sleep quality 
(.e = 8.90, SE= 0.08, /><.0005). 

Conception Probability, Partner Attractiveness, and Sleep 
Time 

We conducted a second set of analyses to examine the effects of 
conception probability, partner attractiveness, and the interaction 
of those two variables on sleep time and quality. Sleep 
environment was included as a control variable and the samples 
included 19 women in relationships (jV= 482-500 observations). 
Both conception probability (^ = 2.93, 5'£'=891.72, p= .003) and 
sleep environment (2= 5.50, 524 = 8.16, /)<.0005) positively pre- 
dicted sleep time when controlling for the independent effects of 
partner attractiveness and the interaction of partner attractiveness 
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Figure 1. Effect of conception probability on women's reports 
of their sleep environment. Comments were coded from —2 (factors 
disruptive to sleep) to 2 (factors conducive to sleep). Multi-level 
regression performed only on observations that included a valid 
comment regarding sleep environment (N = 279 observations, n = 35 
women). 

doi:1 0.1 371/journal.pone.0092796.g001 

and conception probability. Partner attractiveness had no main 
effect on sleep time {z= 1.55, SE=b.2\, p- .120). There was a 
significant interaction of conception probability and partner 
attractiveness on sleep time (^=— 2.98, SE=62.57, p = .003), 
indicating that conception probability afTects sleep time difTerently 
depending on the attractiveness of one's partner (see Figure 2). 

To further examine the relationship between conception 
probability, partner attractiveness, and sleep time, we tested the 
marginal effects of conception probability on sleep time at different 
levels of partner attractiveness. Among those women who rated 
their partners as most attractive (i.e., 1 SD above the mean), there 
was a significant negative effect of conception probability on sleep 
time (see Table 1). In other words, women with more attractive 
partners were sleeping less when the probability of conception was 
higher. Among those women who rated their partners as least 
attractive (i.e., 1 SD below the mean), there was a significant 

Predictive IVIargins 

o 

o - 




0 m' 

Conception Probability 

Partner Attractiveness 
— • — 1 SD Below Mean — • — Mean — • — 1 SD Above Mean 



Figure 2. interaction of conception probability and partner 
attractiveness on sleep time. Each line represents the marginal 
effect of conception probability on sleep time at a different level of 
partner attractiveness. 
doi:1 0.1 371/journal.pone.0092796.g002 



positive effect of conception probability on sleep time. In other 
words, women with less attractive partners were sleeping more 
when the probability of conception was higher. Among those 
women who rated their partners as intermediate in attractiveness 
there was no significant relationship between conception proba- 
bility and sleep time. 

We also examined the marginal effects of partner attractiveness 
at different levels of conception probability. Partner attractiveness 
had no marginal effects on sleep time at any level of conception 
probability (all ps>. 160). 

Conception Probability, Partner Attractiveness, and Sleep 
Quality 

We next looked at the effects of fertility and partner 
attractiveness on self-rated sleep quality. Fertility alone was not 
significantly related to sleep quality {z = 0.7 1, SE= 7.50, p = .480), 
and there was no interaction between partner attractiveness and 
conception probability on sleep quality (^=— 0.74, ffi'=0.53 
/) = .461). There was a main effect of partner attractiveness 
(^=3.25, 5^=0.06, p= .001) such that those women who rated 
their partners as more attractive also rated the quality of their sleep 
better (see Figure 3). Sleep environment also significantly and 
positively predicted self-reported sleep quality {z— 10.31, 
6'£=0.07,/;<.0005). 

Discussion 

We predicted that women would sleep less when conception 
probabihty was high, and that this effect would be moderated by 
their partner's attractiveness. Results were partially consistent with 
this prediction and lend support to the general hypothesis that 
women's mating psychology may reflect adaptations designed to 
strategically adjust the time and energy allocated toward somatic 
maintenance during high fertility [20]. 

Sleep Time 

When looking only at the effect of fertility on sleep time, we, like 
previous researchers, failed to find a significant relationship. 
However, when we included the sexual attractiveness of the 
women's primary partners as a covariate in the model, we found a 
significant positive effect of conception probability on sleep time, 
such that in general, as conception probability increased, so did 
the amount of time sleeping. In accordance with our predictions, 
there was also a significant interaction with partner attractiveness, 
suggesting that the effect of conception probability on women's 
sleep time is moderated by the attractiveness of her current 
partner. Women who rated their partners as relatively less 
attractive (1 SD below the mean) experienced a significant increase 
in sleep time at higher fertility, whereas women who rated their 
partners as relatively more attractive (1 SD above the mean) 
experienced a significant decrease in sleep time at higher fertility. 
Women who rated their partners as intermediate in attractiveness 
did not experience a fertility-related shift in sleep time. 

One interpretation of this pattern is that it suggests divergent 
reproductive strategies based on the qualities of a woman's current 
partner. For example, it is possible that in our ancestral past 
women with more attractive partners strategically reduced their 
sleep time when the probability of conception was highest, that is, 
when the energy that would otherwise have be conserved could 
have net potentially greater returns for ancestral women by being 
invested in mating activities, such as sexual intercourse. 

Similarly, it is plausible that the fertility-related increase in sleep 
time we documented among women with less attractive partners 
reflects a conception-avoidance strategy if, among ancestral 
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Table 1. Marginal effects of conception 


probability on sleep time at each level of partner attractiveness. 




Partner Attractiveness Rating 


Marginal Effect of Conception Probability on Sleep Time z (5£) 


1 SD Below Mean 


2.02 (194.23)* 


Mean (14.05) 


0.00 (139.59) 


1 SD Above Mean 


-2.09 (190.82)* 


*p<.05. 

doi:1 0.1 371 /journal.pone.0092796.t001 



women, extending one's sleeping time might have reduced the 
possibility of sexual interaction with one's partner during the night. 
Such an interpretation, although tentative, has some precedence. 
Kruger and Hughes [44] documented that among cohabiting 
couples, when no sex has taken place, women are more likely to 
fall asleep first. They interpreted this pattern as a conception- 
avoidance strategy, but did not examine either the effects of 
fertility or partner attractiveness. 

Another potential source of the pattern of effects documented in 
this study is that increased sleep among women with less attractive 
partners reflects greater energy expenditures during the day. It has 
been demonstrated by many previous studies that women with less 
attractive partners are those who may be most likely to engage in 
extra-pair mate seeking (e.g., [2], [13], [14]). Fessler [20] further 
argued that extra-pair mate seeking may be the underlying 
motivation for documented increases in ranging behavior and 
other physical activities among women at high fertility. It is 
reasonable to think that these behaviors are most likely to be those 
that occur during waking hours, and not when a woman is sleeping 
next to her primary partner, thus allowing for a possible increase 
in sleep time at night. 

Unfortunately, in the current data set, we are unable to further 
test these possible explanations for the patterns documented. 
Future research should investigate these possibilities by examining 
additional variables. Most direct would be to assess sexual desire or 
behavior. If ancestral women with less attractive partners were 
sleeping more at high fertility in order to avoid conception, we 
might expect women with less attractive partners to also 

Predictive Margins 



CO 



.094 



Conception Probability 



Partner Attractiveness 
1 SD Below Mean — • — Mean — • 



1 SD Above Mean 



Figure 3. Effects of conception probability and partner 
attractiveness on self-reported sleep quality. Each line represents 
the marginal effect of conception probability (all non-significant) on 
sleep time at a different level of partner attractiveness. The different 
heights of each line illustrate the significant main effect of partner 
attractiveness on sleep quality. 
doi:1 0.1 371/journal.pone.0092796.g003 



experience less sexual desire for their partners and have sex less 
often at high fertility than those women who rate their partners as 
more sexually attractive. Although women in the current study 
were asked about sexual behavior, there were too few responses to 
adequately test this prediction with these data. In addition, 
assessing daily activity levels could be informative. If women with 
less attractive partners benefitted by engaging in extra-pair mate 
seeking behaviors that used more energy during the day, we 
should see that increased sleep time is associated with behaviors 
such as increased ranging or social involvement. 

Sleep Quality 

As with sleep time, when examined alone, conception proba- 
bility had no significant relationship to sleep quality, and there 
remained no evidence of a main effect of fertility on sleep quality 
when including partner sexual attractiveness as a covariate in the 
model. We did, however uncover a significant main effect of 
partner attractiveness on the quality of women's sleep. That there 
is a general relationship between partner attractiveness and sleep 
quality is unsurprising, and can likely be attributed to any number 
of covarying factors. For example, the woman's own health, stress 
levels, social status, or access to resources all may affect both her 
ability to obtain a physically attractive partner and her overall 
ability to enjoy a good night's sleep. 

Sleep Environment 

Another unpredicted finding to come out of this study was that 
women's reports of the sleep environment itself changed over the 
ovulatory cycle, such that women reported significantly fewer 
negative sleeping conditions when conception probability was 
higher. Although conception probability significantly predicted 
women's reports of their sleep environment, and their sleep 
environment, unsurprisingly, predicted both sleep time and 
quality, there was no evidence of statistical mediation, that is, 
conception probability does not appear to be affecting sleep time 
or quality through sleep environment. Although we cannot further 
examine this effect with our current data, there are a number of 
intriguing possibilities that could explain this pattern. First, 
changes in women's behavior might result in different sleep 
environments at different points in the cycle. For example, it 
may be that women are more conscientious about closing 
windows, adjusting the heat, or otherwise ensuring a more 
peaceful sleep environment at high fertility than at low fertility. 
Secondly, intrinsic changes in women's ability to sleep may affect 
their perception of their sleep environment. For example, it may be 
that women are less aware of ambient noise, temperature 
fluctuations, or other potential distractions during high fertility 
than they are at low fertility. A third possibility is that it is women's 
sensitivity to their environment, but not the environment itself or 
their ability to perceive the features in the environment, which 
fluctuate. For example, women may be just as aware of ambient 
noise at high fertility as they are at low fertility, but find it less 
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distracting and thus fail to report it in their diaries. Further 
research may be able to discern whether this pattern is a simple 
byproduct of physiological changes at high fertility or represents a 
strategic shift in behavior or perception. 

Limitations 

This study suffers from some additional unavoidable limitations. 
Since our dependent measures are all based on self-report, it is 
possible that the data include errors, misrepresentations, or 
variations in interpretation, however there is no reason to believe 
that any such error would vary systematically with either 
conception probability or partner attractiveness. It is also probable 
that unassessed variables, such as work and school demands, could 
have a significant efiect on women's sleep patterns, but these, too, 
are not expected to vary systematically with conception probability 
or partner attractiveness. 

Conclusion 

While the current study cannot be construed as conclusive 
evidence for any specific ancestral adaptation, we believe that the 
pattern of results documented is important and relevant to our 
growing understanding of women's sexuality and behavior. The 
data reported here provide evidence of systematic shifts in 
women's sleep patterns as a combined function of fertility and 
the qualities of a woman's primary partner. In general, we found 
that women with more sexually attractive partners slept less when 

References 

1. Gangestad SW, Thomhill R (1998) Menstrual cycle variation in women's 
preferences for the scent of symmetrical men. Proc R Soc Lend B Biol Sci 265: 
927-933. 

2. Gangestad S, Thornhill R, Garver-Apgar C (2005) Adaptations to ovulation: 
Implications for sexual and social behavior. Curr Dir Psychol Sci 14: 312—316. 

3. Gangestad SW, Thornhill R (2008). Human oestiTis. Proc R Soc Lond B Biol Sci 

275: 991-1000. 

4. Thornhill R, (Jangcstari SW, Miller R, Schcyd G, .McCollough JK, ct al. (2003) 
Major histocompatibility complex genes, symmetry, and body scent attractive- 
ness in men and women. Behavioral Ecology 14: 668-678. 

5. Gildersleeve KA, Haselton MG, Larson CM, Pillsworth EG (2012) Body odor 
attiactiveness as a cue of impending ovulation in women: Evidence from a study 
using hormone-confirmed ovulation. Horm Behav 61: 157-166. 

6. Pipitone R, Gallup G (2008) Women's voice attractiveness varies across the 
menstinal cycle. Evol Hum Behav 29: 268-274. 

7. Bryant GA, Haselton MG (2009) Vocal cues of ovulation in human females. Biol 
Lett 5: 12-15. 

8. Roberts SC, HavlicekJ, Flegr J, Hruskova M, Little AC, ct al. (2004) Female 
facial attractiveness increases during the fertile phase of the menstrual cycle. 
Proceedings of the Royal Society of London. Series B; Biologieal Sciences 271: 
S270-S272. 

9. Haselton AtG, (iildersleeve KA (2011) Can men detect ovulation? Curr Dir 
Psychol Sci 20: 87-92. 

10. Miller G, Tybur JM,Jordan BD (2007) Ovulatory cycle ctlccts on tip earnings by 
lap dancers: economic evidence for htrman estrus? Evol Hum Behav, 28: 375- 
381. 

11. Haselton MG, Mortezaie M, Pillsworth EG, Bleske-Rechek A, Frederick DA 
(2007) Ovulatory shifts in human female ornamentation: Near ovulation, women 
dress to impress. Horm Behav 5: 41—45. 

12. Durante KM, Li NP, Haselton MG (2008) Changes in women's choice of dress 
across the ovulatory cvcle: Naturalistic and laboratory task-based evidence. Pers 
Soc Psychol Bull 34: 1451-1460. 

13. Haselton M(i, (iangestad SW (2006) Conditional expression of women's desires 
and men's mate guarding across the ovulatory" cycle. Horm Behav 49: 509-518. 

14. Pillsworth EG, Haselton MG (2006b) Women's sexual strategies: The evolution 
of long-term bonds and extrapair sex. Annu Rev Sex Res 17: 59-100. 

15. Chavanne TJ Gallup GG Jr (1998) Variation in risk taking behavior among 
female college students as a function of the menstrual cycle. Evol Hum Behav 19: 
27-32. 

16. Petralia SM, Gallup GG (2002) Effects of a sexual assault scenario on handgrip 
strength across the menstrual cycle. Evol Hum Behav 23: 3—10. 

17. Fesslcr DM T (2003a) Rape is not less frequent during the ovulatory phase of the 
menstrual cycle. Sexualities, Evolution & Ciender 5: 127-147. 

18. Fessler DM, Navarrete CD (2003) Domain-specilic variation in disgust sensitivity 
across the menstrual cycle. Evol Hum Behav 24: 406-417. S 



the probability of conception was higher, while women with less 
attractive partners slept more when the probabiUty of conception 
was higher. We have tentatively interpreted these findings as 
reflections of divergent reproductive strategies among women 
based on the quahties of their primary partners. For women with 
more attractive partners, we suggest that the decreased sleep at 
high fertility may reflect a strategic shift from somatic maintenance 
to reproductive effort when conception is most likely. In terms of 
the results for women with less attractive partners we have 
proposed several possible explanations that warrant further 
research, including the possibility that women with less attractive 
partners are strategically avoiding conception. These results wiU 
hopefully lead to future studies to further investigate the subtle 
reproductive strategies of women and their effects on everyday 
health and wellbeing. 

Supporting Information 

Appendix SI Daily Conception Probability. Daily concep- 
tion probability for women with regular cycles taken from [41]. 
(DOC) 

Author Contributions 

Conceived and designed the experiments: BNG ATG. Performed the 
experiments: BNG. Analyzed the data: EGP. Contributed reagents/ 
materials/analysis tools: BNG EGP. "Wrote the paper: BNG EGP ATG. 



19. Lieberman D, Pillsworth EG, Haselton MG (2011) Kin affiliation across the 
ovulatory cycle: females avoid fathers when fertile. Psychological Science 22: 13— 
IB. 

20. Fessler DMT (2003b) No time to eat: An adaptationist account of periovulatory 
behavioral changes. Q_Rcv Biol 78: 3—21. 

21. Baker FC, Driver HS (2007) Circadian rhythms, sleep, and the menstrual cycle. 
Sleep .Med 8: 61.S-622. 

22. Baker FCJ, Dr!\'er HS (2004) Self reported sleep across the menstrual cycle in 
young, healthv women. J Psychosom Res 56: 239-243. 

23. Driver HS, Dijk DJ, Werth E, Biedermann K, Borbely AA (1996) Sleep and tire 
sleep electroencephalogram across the menstrual cycle in young healthy women. 
The Journal of Clinical Endocrinology & Metabolism 81: 728-735. 

24. Pillsworth EG, Haselton MG (2006a) Male sexual attractiveness predicts 
differential ovulatory shifts in female extra-pair attraction and male mate 
retention. Evol Hum Behav 27: 247-258. 

25. Larson CM, Pillsworth EG, Haselton MG (2012) Ovulatory shifts in women's 
attractions to primary partners and other men: further evidence of the 
importance of primary partner sexual attractiveness. PLoS One 7: e44456. 

26. Larson CM, Haselton MG, Gildersleeve KA, Pillsworth EG (2012) Changes in 
women's feelings about their romantic relationships across the ovulatory cycle. 
Horm Behav 63: 128-135. 

27. Stickgold R (2005) Sleep-dependent memory consolidation. Nature 437: 1272- 
1278. 

28. Sicgel JM (2001) The REM sleep-memory consolidation hypothesis. Science 

294: 1058-1063. 

29. Aeerlii A, Niinn CL (2011) Predation and the phasing of sleep: an evolutionary 
individual-based model. Animal behavior 81: 801-811. 

30. Scharf MT, Naidoo N, Zimmerman JE, Pack Al (2008) The energy hypotiiesis 
of sleep revisited. Prog Neurobiol 86: 264—280. 

31. Berger RJ, PhiUips NH (1995) Energy conservation and sleep. Behav Brain Res 
69: 65-73. 

32. Abu-Lughod L (1986) Veiled sentiments: Honor and poetry in a bedouin society. 
Los Angeles: Uiiiversitv of Calif ornia Press. 

33. Descola P (1993) Spears of Twilight: Life ;\nd Death in the Amazon Jungle. New 
York: the New Press. 

34. Diamond J (1998) Why is sex fiiii.': die evolution of human sexuality. Basic 
Books. 

35. Hill KR, Hurtado AM (1996) Ache Life History: The ecology and demography 
of a foraging people. Hawthorne, NY: Aldine de Gruyter. 

36. Marlowe F (2010) The Hadza: hunter-gatherers of Tanzania (Vol. 3). University 
of California Press. 

37. Murdock GP (1981) Adas of world cultures. University of Pittsburgh Pre. 

38. Shostak M (1981) Nisa: The Life and Words of a !Kung Woman. New York: 
Vintage Books. 

39. Hua C (2001) A Society Widiout Fatiiers or Husbands: The Na of China (A. 
Hustvedt, Trans.). New York: Zone Books. 



PLOS ONE I www.plosone.org 



6 



April 2014 | Volume 9 | Issue 4 | e92796 



Sleep over the Ovulatory Cycle 



40. Fchring RJ, Schneider M, Raviclc K (2006). Variability in the phases of the 
menstrual cycle. J Obstet Gynecol Neonatal Nurs 35: 376-384. 

41. Wilcox AJ, Dunson DB, Weinberg CR, TrusseU J, Baird DD (2001) Likelihood 
of conception with a single act of intercourse: Providing benchmark rates for 
assessment of post-coital contraceptives. Contraception 63: 211—215. 

42. Rabe-Hesketh S, Skrondal A (2008) Multilevel and longitudinal modeling using 
Stata (2'"' Ed.). CoUege Station, TX: Stata Press. 



43. Snijders TA, Boskcr RJ (2012) Multilevel analysis: An introduction to basic and 
advanced multilevel modeling (2"^ Ed.). London: Sage Publications. 

44. Kruger DJ, Hughes SM (2011) Tendencies to fail asleep first after sex are 
associate with greater partner desires for bonding and affection. J Soc Evol Cult 
Psychol 5: 239-247. 



PLOS ONE I www.plosone.org 



7 



April 2014 | Volume 9 | Issue 4 | e92796 



